Abstract: In this note, we show that there is no deterministic and exact algorithm that computes the permanent of a matrix in polynomial-time.
Let A = (a ij ) be a matrix of integers. The permanent of A is defined as:
where S n is the symmetric group [1] . For any row i, the permanent satisfies the recursive formula,
and perm([a 11 ]) = a 11 , where A # ij is the (n − 1) × (n − 1) matrix that results from removing the i-th row and the j-th column from A. This formula cannot be simplified, so the fastest algorithm for computing the permanent of a matrix is to apply this recursive formula to matrix A. Since this involves recursively evaluating the permanent of Θ(2 n ) submatrices of A, each corresponding to a subset of the n columns of A, we obtain a lower bound of Θ(2 n ) for the worst-case running-time of any deterministic and exact algorithm that computes the permanent of a matrix.
This lower bound is confirmed by the fact that the fastest known deterministic and exact algorithm which computes the permanent of a matrix was first published in 1963 and has a running-time of Θ * (2 n ) [2] .
